Results and Discussion

Physico-chemical Properties
The physico-chemical properties of kosinostatin (1) are summarized in Table 1 Table 2 ). The aromatic protons, H-2, H-3 and H-4, were assigned to a part of anthracyclinone moiety based on their 1H-1H coupling patterns. The assignment of the quaternary carbons in anthraquinone moiety and the substitution of two phenolic hydroxyl groups at C-1 and C-6 were established by the HMBC correlations from H-4 to C-5 and C-12a, from H-3 to C-1, C-12a and C-4a, from H-2 to C-1 and C-12a, and from H-11 to C-5a, C-6, C-6a, C-10a, C-11a and C-12. Long-range couplings of H-7 to C-6a and C-6 and that of H-8 to C-6a confirmed the connectivity between C-6a and C-7. In addition, the bonding between C-10 and C-10a was established by the long-range coupling of H-10 to C-6a, C-10 a and C-11. Formation of another six-membered ring fused to the anthraquinone was deduced by the HMBC correlation of the C-13 methyl group to C-8, C-9 and C-10, those of H-8 and H-10 to C-9, and that between H-8 and H-10.
The remaining atoms must make up a pyrrolopyrrole ring. Evidence that the pyrrolopyrrole ring was linked to the anthracyclinone moiety via the C-2' spiro carbon at C-7 and the oxygen atom at C-9 was provided by the LC-MS/MS experiment (Fig. 2) . Fragment ions at m/z 321 and m/z 123 derived from the bond cleavage between C-7 and C-2' and that between C-9 and the oxygen atom at C-9 were detected. In addition, a fragment of pyrrolopyrrole ring arising from the bond dissociation between C-2' and C-7 and between C-2' and the C-9 oxygen was observed at m/z 108. Since few significant long-range 13C-1H correlations around the pyrrolopyrrole ring were detected in the HMBC spectrum of 3, the assignment of the pyrrolopyrrole moiety was achieved by comparing the NMR data with those of the aglycon of isoquinocycline B (4), which afforded the HMBC spectrum amenable to the complete assignment (Fig. 3) . The connectivity from C-3' to C-5' via C-3a' was revealed by 1H-1H correlation and allylic four-bond coupling between H-4' and H-3' and HMBC correlations of H-3' and H-4' to C-3a'. Long-range couplings of H-4' and H-5' to the quaternary sp2 carbon C6a' at 169.49ppm confirmed its bondings to two nitrogen atoms. The X-ray crystallographic study of isoquinocycline A showed that the carbon-nigtrogen bond was delocalized between two nitrogens3). For clarification, one of the possible resonance structures is depicted in this paper. The linkage of the pyrrolopyrrole ring at C-7 to the anthracycline moiety was deduced by the HMBC correlations from H-3', H-7 and H-8 to C-2'. As summarized in Table 2 , the NMR assignment of 3 and 4 confirmed that they possessed the identical planar structure.
Stereostructure of Kosinostatin Aglycon (3)
NOESY experiments were performed to analyze the stereochemical differences between 3 and 4 ( Fig. 4) . Table 2 . NMR data for aglycons of kosinostatin (3) and isoquinocycline B (4) in DMSO-d6.
1H and 13C NMR were measured at 400MHz and 100MHz respectively.
The DMSO-d6 signals (2.50ppm for 1H; 39.5ppm for 13C) were used as references.
Integral, multiplicities and the coupling constants (Hz) are in parentheses. * overlapped with the solvent signal. were given in Experimental. The most significant NOESY between H-3' and H-10 in 4. In the both NOESY spectra, and the C-13 methyl group, and the methyl group and Hthe conclusion that 3 is the stereoisomer of 4 at C-2' as shown in Fig. 4 . According to this model, the downfield H-3' of 4 is located in the shielding field induced by ring current whereas that of 3 is away from the aromatic ring; the electronegative nitrogen atom at 1'-position is spatially Structure of Kosinostatin (1) As discussed above, because the isomerization of 1 to 2 is based on the inversion at the C-2' spiro carbon in the aglycon, the sugar moiety of 1 and 2 was concluded to be identical. The 1H NMR spectrum of the methyl glycoside obtained by the methanolysis of 1 was in good accordance with that of methyl 4-C-acetyl-2,6-dideoxyxylo-hexopyranoside previously reported3). The NMR assignment of the deoxysugar moiety is summarized in Table 3 . The glycosylation site at the C-10 hydroxyl group was confirmed by the long-range coupling between the anomeric proton H-1" and H-10. The anomeric Table 3 . NMR data of kosinostatin (1) and isoquinocycline B (2) in DMSO-d6.
Integral, multiplicities and the coupling constants (Hz) are in parentheses. * overlapped with the solvent signal. of the coupling constants J1",2"eq=J1",2"ax=4.8Hz. We, therefore, determined the structure of kosinostatin (1) to be the stereoisomer of isoquinocycline B (2) regarding to the C-2' spiro carbon (Fig. 1) .
Isoquinocycline B was originally isolated from Streptomyces aureofaciens along with quinocyclines A and B, and isoquinocycline A by CELMER et al.2) Whereas the structures of quinocyclines are not yet elucidated, that of isoquinocycline A was determined by X-ray crystallography3) and isoquinocycline B was identified as its congener by degradation study4). CELMER reported that quinocyclines and isoquinocyclines showed the identical UV vis spectra and quinocyclines A and B isomerized to isoquinocyclines A and B, respectively. These properties common to quinocycline B and kosinostatin prompted us to investigate the identity between them. The only physicochemical data for quinocycline B available to the (MeOH), though the wavelength and concentration was not indicated2). We first examined the optical rotation of isoquinocycline B isolated by us, and found that it showed measured at 546nm, At the same wavelength, kosinostatin findings indicated that kosinostatin is identical with quinocycline B, direct comparison was not possible because the authentic sample of quinocycline B could not be obtained.
The mechanism of isomerization is proposed although no experimental evidence is available (Fig. 5) Aglycon of Kosinostatin (3) solution was diluted with excess ice-water and extracted with ethyl acetate. The organic layer was dried over anhydrous Na2SO4 and concentrated in vacuo to give the isomer (0.8mg, 30% yield). The water layer was adjusted to pH 7.0 with diluted NaHCO3 solution, extracted with ethyl acetate, dried over anhydrous Na2SO4 and evaporated to dryness. This was further purified by ODS column chromatography as described in the preceding paper1) to afford the aglycon of kosinostatin (4mg, 70% yield) as a 
Aglycon of lsoquinocycline B (4)
In the same manner as described above, HCl treatment of 3 (4mg) in methanol gave 4 (2mg) as a yellow orange 
